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SUMMARY 


Prevloua testa of "bloTOr “Blade sections have Been extended By a 
series of tests at '52.5° stagger. The fesults of these tests have 
Been ccaabined with the earlier test results and are presented in new 
Blade desiga chai’ta which siipersode those previously presented. An 
investigation in a txgst Blower over a range of stagger from 
to 65 ° has shown that for Blades at a solidity of 1.0, the two- 
dimensioml cascade data predict the turning angle to within 1/2°. 


INTRODUCTICW 


The two-dimensional cascade investigation of reference 1 covered 
a series of tests of Blower-Blade sections at staggers of 45° 60° 

and solidities of 1.0 and 1.5* In an attempt to Increase the 
accuracy of the design charts of reference 1 and to oBtaln a measure- 
ment of their precision, additional cascade tests were conducted 
at 52 * 5 ° stagger on the lUCA 65“4lO, 65 - 810 , and 65~(l2)10 Blower-Blade 
sections at solidities of 1.0 and I .5 and tests' were made in a test 
Blower to oBtaln performance data in an actual rotating setup . Some 
of the performance data oBtalned from these rotor tests are reported 
in reference 2, Information on performance of Blade sections over a 
range of stagger angle is presented herein and the results are com- 
pared with predictions from stationary-cascade tests . 

The cascade tunnel, test Blower, and techniques and procedures 
used in this investigation were the same as those descriBed in 
references 1 and 2. Data on the rotating Blades, however, will Be 
presented only for the pitch section (wiiere the flow is essentially 
two-dimensional and the solidity equads 1.0) . All symBi^ls used are 
the same as those in references 1 and 2, - - 
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P3JESM']]A.TICN OF mm AND DISCUS8ICN 


Stationary two- dimensional cascade .- Q3ie preseiire dlstrlTsutlcms 
over tho con tar ’blade of each of the cascades of NACA 65"8l0, 

and 65 " ( 12)10 blotrer blades at a stagger of 52 * 5 ° snd solidities 
of 1.0 and 1*5 are presented In figures 1 to 6. The design point, 
tho angle of attack at vhich on essentially flat pressviro distribution 
■was ob-talned, is indicated on each figure. The results of the 
tumJng-angle investigations of the three blades 6a*e presen'bed In 
figures 7 and 8. 

Reference 1 presents "the following simple equation for 'the 
prediction of t'umlng angles in the range tested; 



where 

Q turning angle 

a angle between en'tering air and chord line 

a, angle of zero lift of laola-ted airfoil 

‘'o 

k empirical cons-tant de'bennined from, cascade tests 

The value of k for 52.5° s'tagger is Included -with -the previous 
z^suJLts of reference 1 in -the foDJLowing -table; 


Stagger 

(a.eg) 

Solid! -ty 

k 

h 5 

1.0 

0.90 

U 5 

1.5 

1.00 

52.5 

1.0 

.85 

52.5 

1.5 

.95 

60 

1.0 

.75 

60 

1.5 

.90 


These empirical cons-tants and -the approximate zero lift angle 
(calcu3.atod as in reference l) con be used to predict -turning angles 
in the range of -the Investiga-blon -to -within approxlma-tely 1°. 
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The results of the rotor teste, presented in the section 
entitled "Test-'bJ.ower results,'' seemed to show that the original 
data obtained for the HA.GA. 65- (12) 10 blower blade at a stagger 
of 60° and a solidity of 1.0 were not valid. A retest of this 
blade showed an increase in turning angle of approximately 2° and 
these data are presented in figure 9 with the results for ihe other 
blade sections from reference 1. The presstire distributions over 
the center blade of the cascade of NAGA. 65“(l2)10 sections are 
presented in figure 10. 

The very high loadings of the NAGA 65" (12)10 blade (the 
highest of any tested in cascade) appear to present a limit beyond 
which the cascade -tunnel data are questionable. Very sli^t changes 
in tunnel adjustment may stall the tunnel walls, which seriously 
changes the blade performsnce. For this reason, the data for the 
NAGA 65 ” (18)10 blade at this condition (6o° stagger and solidity 
of 1.0) have been eliminated and figui’e 9 now supersedes figure 7 
of reference 1. 

Curves from reference 1 which are of interest in compressor 
design are repeated in figures 11 to 13 with the 52*5° stagger 
condition included. Figures l4(a) and l4(b) present the new blade 
design charts which include the data of reference 1. These charts 
supersede figures 4l(a) and 4l(b) of referraace 1 and with the new 
and corrected data give more precise blade design information. If 
the design turning angle and entrance conditions are known, the 
blade camber and angle of attack can be found from these charts. 

A horizontal line may be drawn frcaa ihe value of turning angle 
desired on the angle scale to Intersect the turning-angle ciirves. 

A horizontal interpolation for stagger may be made along this line 
and from this point a vertical line may be drawn. The intersection 
of this line •vrith the horizontal scale gives the design camber of 
the blades, and the intersection with the angle- of -attack cuarves, 
with a vertical interpolation for stagger, gives the angle of 
attack read on the angle scale. The procedure may be reversed to 
obtain the design t\iming angle if camber and design angle of attack 
are known. In order to obtain design data at solidities other 
than 1.0 and 1.5, the procedure is carried out at solidities 
of 1.0 and 1.5 and the final result obtained by Interpolation. 

Test-blower results .- The results of tests of four sets of 
blades in a single-stage test blower are presented in reference 2, 
One of the blades tested had an NACA 65"710 blower-blade section 
and a second blade had an NACA 65” (11)10 section at their respective 
pitch sections. (Blades designated as 6 « 0.4 and S =» 0.6 in 
reference 2.) 
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In. addition to the previous tests, the 5 = 0.6 ‘blade v&s 
tested at tvro other angle settings ■vfhich effectively gave design 
points at different staggers . The results of turning angle plotted 
against stagger, at 2 ° increments in angle of attack, are presented 
in figiu’es 15 and 16 . Th.e test -points are in very good agreement 
with the solid lines predicted from cascade tests. The deviation 
frean predicted values is less than 1 / 2 ° for most cases and shows 
the accuracy of the cascade results from staggers of ^1-4° to 65 °. 

Far cases in ■vhich the social velocity changes throu^i the ‘blade , 
in reference 1 a modified vector diagram based on the average eioclal 
velocity was used for the blade design- Tests of two blades which 
were desJ.gned for ^nst such conditions were made in the Langley 
propeller research tunnel. These tests show that for changes in 
axial velocity of the magnitude studied (30 percent of the entrance 
velocity), the cascade data could be applied with good, accuracy. 


C'1^CLIIDING EEM/VPJ03 


Previous teats of blower-blade sections have been ooctended by a 
series of tests at 52 . 5 ° stagger. The results are summarized in new 
blade design charts which supersede those of NACA ACE Ho . LWOIb. . 

Cross plots of data obtained from a test blower show that 7 over a 
range of stagger from 44° to 65 °, turning eingles predicted from 
cascade tests are within l/ 2 ° of those obtained from tests with a 
rotating setuiJ . 


Langley Memorial Aeronautical Laboratory 

National Advisoi’y Ccramittee for Aeronaxitics 
Langley Field, "Va., May 29, 1946 
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Figure 2 .- Section 
of HACA 65-I1IO 1 

‘^= 1-5; “d = 7 
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pressure distributions. Cascade 
Igwer-blade sections; p = 52.5°; 
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Figure 3 .~ Section presswe distributions. Cascade 
of KACA 65-810 blower-blade sections; p = 52.5°; 

IT = 1.0; 04 = 11.5°. 
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Figure Section pressure distributions. Cascade 
of NACA 65-(12)10 blower-blade sections: p = 52,5®; 

C = 1.0; 0(1 = 15.0®. 
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Figure 6.- Section pressure distributions 
KACA 65“{12)l0 blower-blade sections; 
O' = 1.5; “d “ 16°. 
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Fig. 7 
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Figure 7»“ Tumlng-angle characterlatlca, p = 52 . 5 °} 

O" = 1.0. (Short line across curve Is design point.) 
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Figure 8 ,- Turning-angle characteristics, p = 52. 5 O; 

0"= !• 5» (Short line across curves Is design point.) 
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Fig. 9 
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Figure 9»“ Tiimlng-angle characteristics. Including retest 
of NAOA 65-{12)10 section, p = 60°j or = 1.0. (Short 
line across curve is design point.) 
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Figure 10«- Section pressure distribution. Retest of 
cascade of MAOA 65 - (12)10 blower-blade sections, 
p = 60°j <r = 1.0; = 14.10. 
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^Aoretlcal lift ooefflolent of blade In cascade 


Fig. 12 
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Fig. 13 
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Figure 13.- OoDparlaon of o■^^ of blade in oaaoade at dealgn 
condltlona with theoretical dealgn Oj of laolated airfoil. 
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(b) SoUdUy of 
Figure lit..- Concluded. 
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Fig. 15 
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Figure 15 »” Variation of turning angle with stagger 
predicted from cascade tests and comparison with 
values obtained In a test blower. NA.CA 65-7IO 
biowr <r . X.O. 

COMMITTEE FOft AERONAUTICS 


i 



Turning angle 



Stagger angle, P, deg 


Figure l6i- Variation of turning angle ulth stagger predicted 
from cascade tests and comparison vlth values obtained In 
a test blower. NACA 65-(ll)10 blower blades, C = 1.0. 







